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[57] ABSTRACT 

A multilevel antifuse structure characterized by a sub- 
strate, a first antifuse structure formed above the sub- 



strate, and a second antifuse structure formed above the 
first antifuse structure. The first antifuse structure pref- 
erably includes a first conductive layer, a first antifuse 
layer disposed over the first conductive layer, a first 
dielectric layer disposed over the first antifuse layer and 
provided with a first via hole, and a first conductive via 
formed within the first via hole. The second antifuse 
structure preferably includes a second conductive layer, 
a second antifuse layer disposed over the second con- 
ductive layer, a second dielectric layer disposed over 
the second antifuse layer and provided with a second 
via hole, and a second conductive via formed within the 
second via hole. Preferably, the first antifuse layer and 
the second antifuse layer are patterned into a plurality 
of antifuse regions which are either vertically aligned or 
vertically staggered with respect to each other. A 
method for making a multilevel antifuse structure in 
accordance with the present invention includes the 
steps of forming a first antifuse structure over a sub- 
strate, and forming a second antifuse structure over the 
first antifuse structure. In one embodiment, the first 
antifuse structure and the second antifuse structure are 
vertically aligned, and are interconnected in parallel. 
The parallel interconnection is preferably accomplished 
by tungsten vias formed by either a blanket tungsten 
deposition and subsequent etch-back, or by a selective 
tungsten deposition. 



19 Claims, 3 Drawing Sheets 
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1 2 

tv^to^ ™« x * . Family Optimized for High Densities and Reduced 

f™^^?™"" 1 ^^ Routin * Dela ^ Ahrens « * ™* 1990 Custom Inte- 

ANTIFUSE STRUCTURE grated Circuits Conference, 1990. This article presents a 

BACKGROITNm OF thp twcwttam ' method for an *ng™g antifuses in a single layer and 
BACKGROUND OF THE INVENTION 5 coupling them in parallel to reduce their resistance. 

1. Field of the Invention While the Actel solution reduces the programmed resis- 
This invention relates generally to integrated circuit tance problem, it also reduces the antifuse density on 

devices, and more particularly to integrated circuit the integrated circuit, 
devices employing antifuses. 

2. Background of the Technical Art 10 SUMMARY OF THE INVENTION 

The manufacture of integrated circuit (IC) devices The present invention provides a method and struc- 

includes the formation of metallization layers that are ture for increasing the density of antifuse regions on a 

patterned to create interconnections between devices. semiconductor substrate. A number of antifuse regions 

Some IC mterconnections are programmable, either can be coupled together in parallel to reduce the resis- 
witn ruses or antifuses. An un-programmed fuse is a 15 tance of a programmed antifuse structure, or the greater 

ow-resistance link between or within metallization density can be used to provide a greater number of 

layers which can be "programmed" by being "blown", antifuse structures within a given area of the semicon- 

Le. it can be caused to become non-conductive by ap- ductor substrate 

^ eD0Ugh ° Urr w a ? 0SS {t t0 ? l0W ;" ^ ™ A multilevel antifuse structure, in accordance with 
£f ?™ ° PP ^ fa * e P resent includes a substrate,Tfirst^ 

SJe h rSl?h nal !f! d t0 f °™ !? C tifuse formed above the substrate and a se^- 

By applying a programming current of about 10 milli- ^^'I f^'J^ Stl ? CtUr f ln " 

Amperes (mA), the electrical resistance through the 25 £*V conductive layer, a first anUfuse layer 

anti-fuse material is greatly reduced, thus proving a + dlSp ? S ° Ve th * flfSt c f d ™* ve ^yer, a first dielec- 

conductive link between or within metallization layers. tn ,° * ayer ° Ve ' * e layer P ro * 

A typical material used in antifuses is amorphous silicon T , . * fir ? ^ a hole ' md a first con ductive via 

(A-Si) which has an intrinsic (un-programmed) resistiv- formed WIthln the fot: ^ hole * ^ second antifuse 
ity of over 1 giga-ohm-cm. " 30 structure preferably mcludes a second conductive layer, 

A prior art antifuse structure is shown in cross-sec- a second antifuse layer disposed over the second con- 

tion in FIG. 1. A substrate 12 typically comprises a ductive Ia yer, a second dielectric layer disposed over 

semiconductor wafer, such as a silicon wafer. An oxide ^ e second ^ fuse la yer and provided with a second 

layer 14 overlays the substrate 12, and can be formed by ^ a nole « ^ a second conductive via formed in the 
a variety of well-known processes such as chemical 35 second via hole. 

vapor deposition (CVD). A metal layer 16 is formed Preferably, the first antifuse layer and the second 
over the oxide layer, typically by a physical vapor de- antifuse layer are patterned into a plurality of antifuse 
position (PVD) process such as aluminum sputtering. regions. In a first embodiment of the present invention, 
The metal layer 16 is covered by a second oxide layer 18 ^ antifuse regions of the first and second layers are 
which has a via formed through it by standard masking 40 substantially vertically aligned such that the vias of the 
and etching techniques that are well known to those fi* 8 * antifuse layer are in physical and electrical contact 
skilled in the art. An antifuse material (such as A-Si) can corresponding antifiise regions of the second an- 
then be deposited in the via 20 to form an antifuse struc- tifuse layer. In another embodiment of the present in- 
ture 22. The antifuse material is typically deposited by vention, the regions of the first antifuse layer and the 
blanket deposition and etch-back to fill the via. A metal 45 second antifuse layer are not vertically aligned such that 
layer 24 (usually aluminum or an aluminum alloy) is antifuse regions of the second antifuse layer are not in 
then formed over the oxide layer 18 and the antifuse direct physical contact with the vias of the first antifuse 
structure 22, again typically by a PVD process. In an layer. In this instance, conductive lines can be provided 
actual process, barrier layers such as barrier metal lay- to couple antifuse regions of the first antifuse layer to 
ers made from TiW preferably separate the A-Si from 50 antifuse regions of the second antifuse layer, 
the aluminum metal layers to minimize A-Si degrading A method for making a multilevel antifuse structure, 
alloy-type interactions. This can be accomplished by in accordance with the present invention includes the 
providing a thin film of the barrier layer on top of metal steps of forming a first antifuse structure over a sub- 
layer 16 and on the bottom of metal layer 24. strate, and forming a second antifuse structure over the 

Programming of the antifuse structure 22 is accom- 55 first antifuse structure. Preferably, the step of forming a 

plished by providing a current of about 10 mA between first antifuse structure includes the steps of forming a 

metal layer 16 and the metal layer 24. Before program- first antifuse region, forming a dielectric layer over the 

ming, the antifuse structure 22 has a resistance of above first antifuse region, where the dielectric layer has a first 

1 giga-ohms for a 1 micron diameter via 20. A pro- via hole aligned with the first antifuse region, and form- 

grammed antifuse forms a conductive path 26 between 60 ing a first conductive via within the first via hole which 

metal layers 16 and 24 having a resistance typically of is in electrical contact with the first antifuse region. A 

about 20-100 ohms. preferred method for making the second antifuse struc- 

Antifuse structures allow for much higher program- ture includes the steps of forming a second antifuse 

mable interconnection densities than standard fuse region over the first antifuse region, forming a dielectric 

structures. However, antifuse structures exhibit a rela- 65 layer over the second antifuse region, where the dielec- 

tively high programmed resistance, which can be prob- trie layer has a second via hole aligned with the second 

lematical in some applications. Actel Corporation de- anti fuse region, and forming a second conductive via 

scribes their solution to this problem in "An FPGA within the second via hole which is in electrical contact 



10/22/2002, EAST version: 1.03,0002 



5,427,979 



with the second antifuse region. The method can also 
include the step of connecting the first antifuse structure 
and the second antifuse structure in parallel. 

A further method for making a multilevel antifuse 
structure, in accordance with the present invention, 
comprises the steps of (a) providing a conductive layer; 
(b) patterning the conductive layer; (c) providing an 
antifuse layer over the patterned conductive layer; d) 
patterning the antifuse layer to form a plurality of an- 
tifuse regions; (e) providing a dielectric layer over the 
patterned antifuse layer; (Q creating a plurality of via 
holes aligned with the plurality of antifuse regions; (g) 
filling the plurality of via holes with a conductive mate- 
rial such that a plurality of conductive vias are in elec- 
trical contact with the plurality of antifuse regions, 
thereby providing a plurality of antifuse structures 
formed on a common level; and (h) repeating steps (a) 
to (g) at least one time to provide a plurality of antifuse 
structures on a new common level which is over the 



10 



15 



(CVD) process. The first conductive layer 34 is prefera- 
bly a three-level sandwich of conductive materials com- 
prising a first layer of titanium tungsten (TiW) depos- 
ited to a thickness of 2000 angstroms, a second layer of 
aluminum or an alloy of aluminum and copper depos- 
ited to a thickness of 4000 angstroms, and a third layer 
of titanium tungsten deposited to a depth of 1000 ang- 
stroms. 

The various metal layers of the first conductive layer 
34 can be deposited by a number of processes. Prefera- 
bly, the first conductive layer 34 is deposited by a first 
sputter deposition of TiW followed by the sputter depo- 
sition of Al or AlCu (at a ratio of approximately 99:1), 
finally followed by a sputter deposition of TiW. The 
first conductive layer 34 is then preferably patterned 
into conductive lines, as is well known to those skilled 
in the art. As used herein, the term "patterned" prefera- 
bly refers to photolithographic techniques whereby a 
resist material is applied to the upper surface of the 



antifuse structures. 

As described previously, the antifuse structures on 
adjacent levels can be either vertically aligned or not 
vertically aligned. If they are not vertically aligned, a 
further step of creating a number of conductive lines to 25 
electrically couple the conductive vias of a lower adja- 
cent level to antifuse regions of an adjacent upper level 
is provided. In this instance, the plurality of conductive 
lines in the plurality of conductive vias are preferably 

WllllKl««tii«fc. _ ^ _1 * mm . — * 



is then developed to form a mask. An etching process is 
then undertaken to etch the surface of the substrate 
through the mask. At the end of the photolithography 
process, the mask is typically removed. 

After the first conductive layer has been deposited 
and patterned, the first antifuse layer 36 is deposited. 
Preferably, the antifuse layer 36 comprises amorphous 
silicon (A-Si) which has an intrinsic resistance in the 
millions of ohms in its un-programmed state, and has a 



antifuse structures on adjacent levels are substantially tu- , . " programmea state 



antifuse structures on adjacent levels are substantially 
vertically aligned such that conductive vias of a lower 
adjacent level are in electrical contact with antifuse 



The first antifuse layer 36 is then patterned to form a 
plurality of first antifuse regions, such as antifuse region 
36a and 36A. Each of these antifuse regions comprise: a 



llT^ZZ^£^J^J&" 35 ««— <! »>y *e user. ^ 



sten. The tungsten metal vias are preferably made either 
by a blanket tungsten layer deposition followed by an 
etch-back, or are formed by a selective tungsten deposi- 
tion process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a prior-art antifuse structure; 
FIG. 2 illustrates a multilevel antifuse structure in 
accordance with the present invention: 

■ 1 ■ m+*m Jmv ^ ' 



40 



Second dielectric layer 37 is again, preferably, a layer 
of silicon dioxide deposited to a depth of 8000 ang- 
stroms. A plurality of via holes, such as first via holes 
50a and 50£, are patterned into the first dielectric layer 
37 by conventional oxide etching techniques. Next, 
conductive via plugs 38a and 38a using materials such 
as Tungsten are formed within the via holes 50a and 

First conductor layer 34 first antifuse layer 36, first 



FIG 3 is a t™-«t*« ^"pTl ' ™ l conaucior ia y<* "rst antifuse layer 36, first 

own in FIG. £ ™» of struc ^ 45 dielectric layer 37, and first pair of conductive vis 38 



shown in FIG. 2; 

FIG. 4 is a flow diagram illustrating a method for 
making a multilevel antifuse structure in accordance 
with the present invention; and 

FIG. 5 is a cross-sectional view of a multilevel an- 
tifuse: structure in accordance with an alternate em- 
bodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 
FIG. 1 illustrates an antifuse structure of the prior art. 
In FIG. 2, an antifuse structure 28 of the present inven- 
tion preferably includes a substrate 30, a base dielectric 
layer 32, a first conductive layer 34, a first antifuse laver 



50 



55 



comprise a first antifuse structural level 52. A similar, 
second antifuse structure level 54 is formed over or on 
top of the first antifuse structure level 52. It should be 
noted that additional levels (not shown) can be similarly 
stacked above the second antifuse structural level 54 to 
provide additional antifuse devices, or to further reduce 
the resistance of an antifuse structure by coupling it in 
parallel with one or more other similar antifuse struc- 
tures. 

The second antifuse structural level has, as a first 
layer, the second conductive layer 40. This second con- 
ductive layer is, again, preferably a three-level sand- 
wich of TiW, Al and TiW, which is formed in a similar 
manner as the first conductive layer 34. The second 



-« a fire* hj.w : i V T "*J tA manner as tne iirst conductive layer 34. The second 
36, a first dielectric layer 37 a first pair of conductive 60 conductive layer 40 is then similarly patterned to form 
vias 38, a second conductive aver 40. a ^tifnc* » u„ _r * , wnmariy pauernea to rorm 



vias 38, a second conductive layer 40, a second antifuse 
layer 42, a second dielectric layer 44, a second pair of 
conductive vias 46, and a third conductive layer 48. 

The substrate 30 is preferably a semiconductor sub- 
strate made from such materials as silicon. The base 65 
dielectric layer 32 is typically an oxide layer comprising 
silicon dioxide (SiChi) formed by any number of conven- 
tional processes, such as a chemical vapor deposition 



a number of conductive lines, such as conductive lines 
40a and 40a. Next, the second antifuse layer 42 is depos- 
ited and patterned to form a number of antifuse regions, 
such as antifuse regions 42a and 42b. The second dielec- 
tric layer 44 is then formed over the second antifuse 
layer 42, and second via holes 56a and 56b are formed 
by standard patterning techniques. The vias 56a and 56a 
are then filled with a conductor to form the second pair 
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of vias 46, as illustrated at 46a and 46b. Thus, the second patterned, and in a step 72 the dielectric layer N is 
antifuse structural level 54 includes the second conduc- deposited. Via holes N to the antifuse layer N are 
tive layer 40, the second antifuse layer 42, the second opened in a step 74, and the via holes N are filled with 
dielectric layer 44, and the via layer 46. metal in a step 76. Process control then returns to step 

If second antifuse structure 54 is to be the top antifuse 5 62 where the counter N is incremented by 1 and is again 
structure level then, typically, a third metal layer 48 compared to NUMLAYER. Since, in this example, 
would be formed over the top of it. Alternatively, an- N=2 at this point in the process, steps 64-76 are re- 
other antifuse structural level similar to antifuse struc- peated to provide a level number 2. The counter N is 
ture levels 52 and 54 can be formed over the top of then iterated again in step 62, is compared to the vari- 
second antifuse structure level 54. The number of levels 10 able NUMLAYER, and the process is completed at 78. 
N of antifuse structures is only limited by current pro- It should be noted that the process 58 of the present 
cessing techniques. As a practical matter, using current invention can produce any arbitrary number of antifuse 
processing techniques, it may be difficult to form more layers. However, from a practical processing point of 
than three antifuse structure levels. view, the number of layers is preferably within the 

The third conductive layer 48 is, again, preferably a 15 range of 2-3 layers, 
sandwich of TiW, Al and TiW. The third conductive The individual process step 64-76 will be discussed 
layer 48 is preferably patterned by conventional photo- now in greater detail. In the first step 64, a metal layer 
lithography techniques to form conductive lines which 1 (such as metal layer 34 of FIG. 2) is formed. As men- 
couple the antifuse structure 28 of the present invention tioned previously, metal 1 is preferably a TiW-AI-TiW 
to other cirfiuit fitemftpts of the, integrated r.irmiit. 20 metal sandwich formed by plasma sputter deposition. 

In FIG73, a top-plan view of the antifuse structure 28 Preferably, the bottom TiW layer is approximately 
is shown. As seen in this figure, the first conductive 2,000 angstroms thick, the middle Al layer is 4,000 ang- 
layer 34 has been patterned into two "column" inter- stroms thick, and the top TiW layer is 1000 angstroms 
connects labeled column Cla and C2a. Second conduc- thick. It is important to have at least the top TiW layer 
tive layer 40 has been patterned into a pair of "row" 25 since aluminum can "poison" amorphous silicon by the 
traces labeled Rl and R2 which correspond to traces migration of the Al atoms into the A-Si material. This 
40a and 4Qb of FIG. 2. The second antifuse layer 42 can top TiW layer therefore forms a barrier layer between 
be seen to be patterned into a number of antifuse re- the Al and the A-Si. Then, in step 66, metal layer 1 is 
gions, such as the antifuse regions 42a and 42b. The patterned. As explained previously, and is well-known 
antifuse regions are electrically coupled to the column 30 to those skilled in the art, this patterning typically takes 
traces Cl£ and C2b by the conductive vias 46. the form of a photolithographic process. 

It should be noted that the layout of the structural In step 68, the antifuse layer 1 is deposited. Prefera- 
elements of FIGS. 2 and 3 are somewhat arbitrary. For bly, the antifuse material is amorphous silicon (A-Si) 
example, the directions of the rows and columns can be and is deposited to a thickness of 1,500 angstroms in a 
reversed, or they can be formed in parallel. Also, while 35 plasma enhanced chemical vapor deposition (PECVD) 
the antifuse regions such as antifuse regions 42c and 42b process, the mechanics of which are well-known to 
are shown to be rectangular in shape, they can also be those skilled in the art. The amorphous silicon is then 
other shapes, such as circular. The important things to patterned into regions such as regions 36a and 366. 
note in FIGS. 2 and 3 are that one set of antifuse struc- Typical dimensions of regions 36a and 366 (FIG. 2) is 
tures are formed vertically above the other set of an- 40 about 3x3 microns. Next, in a step 72, a dielectric layer 
tifuse structures, and, in the embodiments of FIGS. 2 (such as the oxide layer 37 of FIG. 2) is deposited. The 
and 3 there is a vertical alignment between the antifuse dielectric is preferably silicon dioxide (Si02) deposited 
structures of the two levels. to a thickness of 1 micron (10,000 angstroms) by a 

It is also important to note that the structure illus- chemical vapor deposition (CVD) process. The dielec- 
trated in FIGS. 2 and 3 can be used to couple two, 45 trie layer 1 is then patterned to "open" link vias. Prefer- 
vertically aligned antifuse regions together, by coupling ably, the link vias are about 0.8X0.8 microns in dimen- 
together the column pairs. For example, antifuse re- sion and are centered over the A-Si regions 36a and 36b. 
gions 36a and 42c can be coupled in parallel by coupling Next, in a step 76, the via holes are filled with plug 
together columns Cla and Clb. Coupling together col- metal. In the structure 28, illustrated in FIG. 2, this 
umns Cla and Clb also couples all of the other antifuse 50 metal is preferably tungsten (W) for a variety of rea- 
region pairs along that column together, such as the sons. For one, tungsten (unlike aluminum), can be de- 
antifuse region pairs 36b and 42b. This reduces the com- posited into via holes substantially free of voids, fis- 
bined electrical resistance of the antifuse pairs. Alterna- sures, and other defects. Furthermore, tungsten (unlike 
tively, the columns such as Cla and Clb can be used to aluminum), can be in direct physical contact with amor- 
separately address the antifuse regions. In this instance, 55 phous silicon without the need of a barrier layer. Also, 
twice as many antifuse regions can be provided for the the relatively low surface mobility of tungsten (as op- 
same surface area as the substrate 30 as in the structures posed to the high-surface mobility of aluminum) re- 
of the prior art. duces undesirable electromigration. 

In FIG. 4, a process for making an antifuse structure There are two preferred modes for providing tung- 
28 of the present invention is shown in flow-diagram 60 sten vias to practice the method of the present inven- 
form. The process begins at a step 60 and, in an iterative tion. A first mode is a selective CVD tungsten deposi- 
loop step 62, a counter N is initialized to 1. The counter tion where the W grows substantially only within the 
N is then compared with a variable NUMLAYER vias and not on top of the oxide layer. If a selective W 
which is the number of layers of antifuses to be formed. grows above the top of the dielectric (oxide) layer, an 
In this example, NUMLAYER =2. Next, in a step 64, 65 etch-back process can be used to planarize the wafer, 
metal layer N is deposited. The metal layer N is pat- Alternatively, a blanket W deposition process can be 
terned in a step 66, and an antifuse layer N is deposited used with a subsequent etch-back to remove the W from 
in step 68. Next, in a step 70, the antifuse layer N is the surface of the dielectric layer. The disadvantage of 
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the blanket W process is that the etch-back step can 90 or make it difficult to produce amorphous regions 

produce an irregular upper surface for the W via plug. directly above the via. holes 88a and 886, for example. 

However, blanket W deposition and subsequent etch In other words, while the amorphous silicon regions of 

back is a better known and more widely practiced pro- antifuse structure 28 (FIG. 2) are vertically aligned, 
cess, so there are trade-offs between the selective W and 5 such as along axes Al and A2, the antifuse regions of 

blanket W methodologies. the antifuse structure 28' are preferably not vertically 

Whether the W via plug is created by blanket or aligned, i.e., the antifuse regions are staggered in posi- 

selective W deposition, its preferred thickness is ap- tion between adjacent levels. Therefore, while antifuse 

proximately 0.5 microns (5,000 angstroms). As an addi- region 86a is aligned with an axis A3 and antifuse struc- 
tional, optional step prior to tungsten deposition, tita- 10 ture 866 is aligned with an axis A4, an antifuse region 

nium tungsten (TiW) or titanium can be sputtered to a 96a made from an antifuse layer 96 formed over the 

depth of about 200 angstroms to help adhesion for the metal line 90 is vertically aligned with yet another axis 

W via plug. A5. Of course, antifuse regions 86a and 866 can be 

As mentioned previously, the antifuse regions can be vertically aligned along axes A3 and A4, respectively, 
programmed, addressed, and read on an individual ba- 15 with antifuse regions of non-adjacent levels. A dielec- 

sis; or two or more antifuse regions can be coupled in trie layer 98 is formed over the antifuse layer 96 and via 

parallel to reduce the resistance of the antifuse region. holes, such as a via hole 100a, are formed as described 

This can be very useful because a programmed antifuse previously. Finally, a metal layer 102 is deposited and 

link is approximately 30-100 ohms, regardless, of the patterned. Again, the metal layer 102 is preferably a 
size of the antifuse region. This is because a conductive 20 three-level sandwich including TiW/Al/TiW. 

path is formed through the amorphous silicon by the Again, the process steps for forming structure 28' are 

programming voltage, while the majority of the antifuse very similar to those discussed previously. An arbitrary 

region still exhibits a high resistance. Since each antifuse number of levels N can be formed where the first level 

region is going to have an average resistance of, for of structure 28' is shown at 104, and the second level of 
example 50 ohms, the effective resistance of an antifuse 25 structure 28' is shown at 106. Also, as mentioned previ- 

structure comprising the parallel connection of two ously, the antifuse regions can be programmed, ad- 

antifuse regions will be 50 percent less, e.g. 25 ohms. If dressed, and read either singly or in combination, 

three antifuse regions are connected in parallel, the A programming example of the present invention will 

effective resistance will be J of that of a single antifuse be discussed with reference to FIG. 2. Programming of 
region, or about 17 ohms. Therefore, following this 30 the antifuses is limited by the current drive capability of 

example line, a four-level antifuse structure having four the driver transistors and the current sink capability of 

antifuse regions connected in parallel will result in an the chip. For example, if the antifuse regions 36a and 

antifuse structure having a programmed resistance of 366 are to be programmed simultaneously, the metal 

about 10 ohms. An antifuse structure with a low resis- line 34 will be used as the common ground. The two 
tance is more electrically efficient, reducing power 35 metal lines 40a and 406 will be driven by two separate 

requirements of the system and reducing the generated driver transistors of the chip. These driver transistors 

^ ieat - will provide a programming voltage of about 12 V d.c. 

Alternatively, other than coupling a number of an- and a programming current of about 10 mA. Similarly, 

tifuse regions together, the antifuse regions can be ac- if the antifuse regions 36a and 42a are to be pro- 
cessed individually. This allows a much higher density 40 grammed simultaneously, the metal line 40a will be used 

of antifuse structures per unit area of substrate. For as the common ground. The metal lines 34 and 48 will 

example, a two-level structure will double the number be driven by two separate driver transistors, 

of antifuses per unit area, and a three-level structure will It should be noted that if the ground line selection is 

triple the number of antifuse structures per unit area, reversed, the antifuse regions cannot be programmed 

etc - 45 together. For example, in the case of prograrriming 

In FIG. 5, an alternate embodiment for an antifuse antifuse regions 36a and 36b, it may be assumed that 

structure 28' is illustrated. In FIG. 5, a semiconductor metal lines 40a and 40b are used as a common ground 

(preferably silicon) substrate 80 is provided with a di- and metal line 34 is connected to the driver transistor, 

electric (preferably S1O2) layer 82 and a patterned metal The antifuse region which programs first will sink all of 

layer 84. The metal layer 84 is, again, preferably a three- 50 the programming current and the other antifuse region 

level sandwich of TiW/Al/TiW formed in substantially will not program. 

the same way and with substantially the same parame- If the antifuse regions are to be programmed sepa- 
ters as discussed previously. Next, an antifuse layer 86 is rately, then all such restrictions are removed. Generally 
deposited and patterned to produce antifuse regions 86a speaking, as is well known to those skilled in the art, 
and 866. A dielectric layer 87 (preferably Si02) is 55 there is a preferred direction for programming an an- 
formed as before and via holes 88a and 886 are opened tifuse, i.e. either top down or bottom up, depending 
over the amorphous silicon regions 86a and 86a, respec- upon the processing and configuration of the antifuse 
tively, as described previously. Next, a metal layer 90 is structure. This choice may not be possible if simulta- 
formed which extends down into via holes 88a and 886 neous programming (as described above) is desired. For 
to form via plugs 92a and 926, respectively. Again, the 60 this and other reasons (e.g. limitations on drive current), 
metal layer 90 is preferably a three-level sandwich of separate programming of the antifuse regions is nor- 
TiW/Al/TiW so that the aluminum of the three-level mally preferred. To separately program antifuse re- 
sandwich does not contact the amorphous silicon re- gions, a programming voltage of about 12 V d.c. and a 
gions 86a and 866 to prevent aluminum poisoning of the programming current of about 10 mA is individually 
amorphous silicon. 65 and sequentially applied to selected antifuse regions. 

It will be noted that the metal line 90 over the via While this invention has been described in terms of 

holes 88a and 886 exhibit depressions 94a and 946. several preferred embodiments, equivalents and exten- 

These depressions disturb the planarity of the metal line sions of the present invention will be apparent to those 
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skilled in the art upon a study of the preceding specifica- 9. A method for making a multi-level antifuse struc- 

tion and of the drawings. It is therefore intended that ture as recited in claim 7 wherein said second antifuse 

the following appended claims include all such equiva- regions is not vertically aligned with said first antifuse 

lents and extensions as fall within the true spirit and region, and further comprising the step of electrically 

scope of the present invention. 5 coupling said first conductive via to said second antifuse 

What is claimed is: region. 

1. A method for making a multi-level antifuse struc- 10. A method for making a multi-level antifuse struc- 
ture comprising the steps of: ture comprising the steps of: 

fonning a first antifuse structure over a substrate by: ( a ) providing a conductive layer; 

(a) forming a first antifuse region; 10 (b) patterning the conductive layer; 

(b) forming a dielectric layer over said first antifuse ( c ) P rovidm g an antifuse layer over said patterned 
region, said dielectric layer having a first via conductive layer; 

hole aligned with said first antifuse region; and ® patterning said antifuse layer to form a plurality of 

(c) forming a first conductive via within said first , _ , antifuse regions; 

via hole which is in electrical contact with said 15 (e) P rovidm g a dielectric layer over said patterned 

first antifuse region; and antifuse layer; 

fonning a second antifuse structure over said first (f) a plurality of via holes aligned with said 

antifuse structure. , P" v ?j ***^ W 

2. A method for making multi-level antifuse structure 20 ^^l^X ^ f T^f ^ * COnductive 
as recited in claim 1 wherein: 20 material such that a plurality of conductive vias are 

said first antifuse structure comprises a first amor- TJ 'T^l T** W !! °l 

phous silicon antifuse layer over said substrate; and ^^o^J^^^X 
■J i ^ir . ' structures iormea on a common level: and 

ISon^r ^ i C ° mPnSeS 3 *?T re P eatin S ste P s W t0 (S) * least one time to pro- 

amorphous silicon antifuse layer over saad first 25 ^ a plurality of JgLe structures on a new 

* a US 1 TT^t . common level which is over the common level of 

3. A method for making a multi-level antifuse struc- the previously provided plurality of antifuse struc 
ture as recited in claim 1 further comprising the steps of: tures. 

connecting said first antifuse structure and said sec- 11. A method for making a multi-level anti fuse struc- 
ond antifuse structure in parallel. 30 ture as recited in claim 10 wherein antifuse structures on 

4. A method for making a multi-level antifuse struc- adjacent levels are not vertically aligned. 

ture as recited in claim 1 wherein said step of fonning a 12. A method for making a multi-level antifuse struc- 
second antifuse structure comprises the steps of: ture as recited in claim 11 further comprising the step of 

forming a second antifuse region in vertical alignment creating a plurality of conductive lines to electrically 
with said first antifuse region such that said second 35 couple said conductive vias of a lower adjacent level to 
antifuse region is in electrical contact with said first antifuse regions of an adjacent upper level, 
via conductive via, 13. A method for making a multi-level antifuse struc- 

5. A method for making a multi-level antifuse struc- rure as recited in claim 12 wherein said plurality of 
ture as recited in claim 1 wherein said step of forming a conductive lines and said plurality of conductive vias 
second antifuse structure comprises the steps of: 40 comprise aluminum (Al). 

forming a second antifuse region which is displaced 14 - A method for making a multi-level antifuse struc- 
from vertical alignment with said first antifuse ture as recited m claim 10 wherem antifuse structures on 
region such that said second antifuse region is not adjacent levels are vertically aligned such that the con- 
in direct physical contact with said first conductive ductive vias of a lower adjacent level are in electrical 
via. 45 contact with antifuse regions of an adjacent upper level. 

6. A method for making a multi-level antifuse struc- 1S * A metnod for making a multi-level antifuse struc- 
ture as recited in claim 5 further comprising the step of ture 38 recited m cla im 14 wherein said conductive vias 
electrically coupling said first conductive via to said com _ prise a factory metal. 

second antifuse region 16 * A method for m a kin g a multi-level antifuse struc- 

7. A method for making a multi-level antifuse struc- 50 ture m cl *™J 5 wherehl refractory metal 
ture as recited in claim 1 wherein said step of forming a 00 *»gjten (W) 

second antifuse structure comprises the steps of: JJ' A m f\ 0 ? fo 5 m ^ a mulu-level antifuse struc- 

forrning a second antifuse region over said first an- 16 f wherem ^ conduc ^e vias 

tifuse region- m formed by the steps of: 

forming a dielectric layer over said second antifuse 55 t*^* ^ "SP^ f OVe { 

■ * . , ... ' . . " , said dielectric layer and within said via holes: and 

region sad didectac layer having a second via etching . back ^ ^ ]anket layer £££ 

hole ahgned with said second antifuse region; and t0 £ m ^ costive vias. p g s e 

forming a second conductive via within said second 18 . A methotl for makia ^ a multi . leve , struc . 

via hole which is in electncal contact with said 60 ture as recited in claim 16 wherein said conductive vias 

second antifuse region. are formed by selective deposition of a material com- 

8. A method for making a muln-level antifuse struc- prising tungsten. 

ture as recited in claim 7 wherein said second antifuse 19. A method for making a multi-level antifuse struc- 
region is vertically aligned with said first antifuse region ture as recited in claim 18 further comprising the step of 

such that said second antifuse structure is in electrical 65 etching-back said material comprising tungsten, 
contact with said first conductive via. * * * * * 
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